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Fractionation of Pepsin 
The experimental evidence in favor of the protein nature of enzymes has 
accumulated to such an extent that this view is now widely accepted.  The 
question as to whether the enzyme preparations are pure proteins is, how- 
ever, much less certain.  The problem is complicated by the difficulty of 
defining a pure protein.  If homogeneity in the ultracentrifuge or electro- 
phoresis cell is considered as a sufficient test of purity then many proteins, 
including several enzymes, have been obtained in pure form.  If constant 
solubility be considered as the criterion of purity then no protein, with the 
possible exception of trypsin (Kunitz, 1938) and chymotrypsinogen (Butler, 
1940; Kunltz and Northrop,  1938) has been prepared in pure form.  The 
earlier results with pepsin may be taken as an example.  Thus this protein 
is homogeneous in the ultracentrifuge (Philpot,  1935) and in the electro- 
phoresis  cell  (Tiselius,  1938; Herriott,  Desreux,  and  Northrop,  1940), 
The earlier preparations of Northrop (1930) showed constant solubility in 
certain  solvents  but  not  in  others.  Steinhardt  was  unable  to  obtain  a 
sample of constant solubility in dilute acid.  In addition, Northrop (1933) 
found that some samples of crystalline pepsin contained nearly 50 per cent 
inert protein and that all samples contain more or less of another enzyme 
especially active on gelatin (Northrop, 1931).  Herriott (1938) found that 
pepsin prepared from different sources varied in specific activity.  Holter 
(1931),  and Dyckerhoff and Tewes (1933) also found slight variations in 
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activity.  Desreux and  Herriott  (1939)  have  recently shown  that  these 
variable results are probably due to the fact that crude pepsin preparations 
may contain more than one active component which were not separable by 
the  original  method  of  purification  and  which  differ  in  solubility.  It 
became necessary, therefore, to develop a method of separating and isolating 
one or more of these proteins. 
Desreux and Herriott (1939)  showed that there were probably at least 
two active proteins present, a  more soluble one which has an activity of 
about 0.33  [P.U.] v~. and a  less soluble one having an activity of about 
0.2 [P.U.] ~.  or less. 
The more active and more soluble component has been isolated by re- 
peated extraction with  0.6  saturated magnesium sulfate  at  pH  5.0  and 
crystallized.  It  has  constant activity and constant solubility in  several 
solvents.  It appears to be at least as pure as any other known protein with 
the exception of chymotrypsinogen. 
A more insoluble fraction has been prepared by repeated precipitation 
with 0.45 saturated magnesium sulfate at pH 5.0 which has about two-thirds 
the activity of the soluble fraction as measured by hemoglobin, but the same 
or slightly higher activity as measured by clotting of milk,  digestion of 
casein, or casein or gelatin viscosity changes.  This preparation does not 
have constant solubility and is undoubtedly still a solid solution of two or 
more proteins.  When mixed with the pure soluble fraction variable solu- 
bility curves are obtained which resemble those of the original crude pepsin 
preparation. 
A third fraction has been obtained by dialysis in salt free solution at pH 
4.0  which  resembles  this  insoluble  fraction  (Desreux,  unpublished  ex- 
periments). 
A  further fraction having a  specific activity of about 0.6  [P.U.]  ~  P.N.  aS 
measured by hemoglobin digestion has  been obtained  in  small  amounts 
from certain samples of pepsinogen.  This fraction is extremely unstable 
and does not appear in commercial preparations. 
I.  Isolation of Crystalline Pepsin of Constant A ctivity and Constant Solubility 
in Certain Solvents 
Desreux and Herriott  (1939)  have shown that the solubility curves for 
crude pepsin preparations demonstrate the presence of at least two proteins. 
These preliminary experiments indicated that the proteins were present as 
distinct solid phases; i.e., the crude preparation is a mixture.  The present 
experiments show conclusively, however, that this is not the case but that 
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solid solution.  Application of Raoult's law to such systems (Northrop and 
Kunitz,  1930)  predicts that the residue left when nearly all the material 
has dissolved will contain more of the insoluble components than the original 
sample while the fraction dissolved when only a  small amount of solid is 
dissolved  will  contain  more  of  the  soluble  components.  The  solubility 
curve, therefore, not only indicates the composition of the original material 
but also furnishes a method of separation of the components.  This method 
is much more delicate than the usual method of fractionation by which the 
salt concentration is varied, instead of the protein concentration. 
The fractionation was found to be more complete the more alkaline the 
solution  and,  as  predicted,  the  smaller  the  fraction  dissolved.  It  was 
eventually found that a  nearly complete separation could be obtained by 
extracting the crude protein with a large volume of a solution of 0.6 or 0.65 
saturated magnesium sulfate in 0.2 ~  pH 5.0 acetate.  The pH is that of 
the  maximum  stability  of  pepsin.  The  method  has  been  found  satis- 
factory and reproducible with three preparations of pepsin from pepsinogen 
and with  eight different preparations  of Cudahy u.s.P.  1:10,000  soluble 
pepsin.  One preparation from pepsinogen which had been stored at -  13°C. 
for 2 years did not give a complete separation by this method and some of 
the commercial preparations required more repeated extraction than others. 
The experimental details of two preparations of the material from pepsin- 
ogen are shown in Tables I  and II.  The  solubility curves of the various 
fractions,  in  the  amorphous  form in  (0.5  saturated  magnesium sulfate, 
0.05 M pH 4.6 acetate) are shown in Fig. 1. 
It will be seen that there is little change in the specific activity but that 
the solubility of the extracted protein is much more nearly constant than 
that of the original preparation.  The residue after extraction is less soluble 
and also inhomogeneous (Fig. 1 B).  The soluble fraction after crystalliza- 
tion gives the theoretical curve for a protein containing only one component. 
Further extraction of this preparation causes no significant change in the 
solubility curves.  The curves for the original sample, the portion dissolved, 
and the residue are the same (Fig. 1 A). 
The solubility of the fraction extracted increases with each step in the 
purification while the solubility of the residue decreases.  This result con- 
firms the conclusion that the original preparation is a solid solution rather 
than a mixture since in the latter case the saturated solution in the presence 
of excess solid must contain all the components and repetition of the solu- 
bility determination on this fraction must therefore yield the same value as 
that obtained from the original preparation. 
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TABLE  I 
Preparalion of Samples 13-2, 13-5, 13-8, 13-10, 13-12, and 13-13 
Quantity 
150 gin. purified amorphous pepsinogen-ammonium 
sulfate filter cake dissolved in  750 ml. ~¢/10  di- 
potassium phosphate and dialyzed 24 hrs.  against 
tap water (pH 6.5) ............................  1000  ml. 
No.  1 plus 850 ml. water plus  125 ml. N/1 hydro- 
chloric acid plus 75 ml. saturated magnesium sul- 
fate; stirred and let stand at 25°C. for 10 rain. (pH 
1.5-2.0).  2800 ml. saturated magnesium sulfate 
added slowly with constant stirring and filtered on 
hardened paper.  Filtrate discarded. 
Precipitate ....  110  gin. 
Residue  No.  2  plus  5  liters  (0.65  saturated mag- 
nesium sulfate, 0.2 ~  pH 5.0 acetate  solvent A). 
Stirred as a uniform suspension for 3 hrs., filtered. 
Precipitate .... 
Filtrate .......  4800  ml. 
Precipitate No. 3 plus 5 liters solvent A stirred 3 hrs., 
filtered.  Precipitate ....  30  gm. 
Filtrate .......  5000  ml. 
Filtrate No. 4 plus filtrate No. 6 ..................  9800  ml. 
500 ml. No. 7 +  75 gin. solid magnesium sulfate dis- 
solved; then 10 ml. 4  ~s acetic acid; pH  =  4.6, 
filter.  Filtrate discarded.  Precipitate ....  3.3 gm. 
Remainder of solution No. 7 +  1400 gm. solid mag- 
nesium sulfate* stirred and 350 ml.  5  ~  sulfuric 
acid added (pH 2.0), filtered in ice box and washed 
once  with  100  ml.  cold  N/50  sulfuric  acid  and 
filtered dry.  Precipitate =  60 gin.  Crystallized, 
see Table I  a.  Crystal cake filtered. 
Filtrate .......  52  ml. 
Crystal cake washed 5 times on the funnel with I0 
ml. 0.55  saturated magnesium sulfate,  5/10 pH 
4.0 acetate; washings discarded.  Crystal cake ....  39  gm. 
10 gm. No. 10 +  100 ml. of solvent B (0.4 saturated 
magnesium sulfate, ~/1 pH 4.6 acetate) stirred at 
25°C. rapidly without foaming for 1.5 hrs.  Cen- 
trifuged and washed once with 10 ml. solvent B. 
Combined filtrate and washings .................  110  ml. 
Precipitate ....  3-4  gm. 
No. 11 +  equal volume of saturated magnesium sul- 
fate, filter; filtrate discarded.  Precipitate .... 
z." 
0.30 
0.34 
0.33 
0.33 
0.26 
0.30 
0.29 
0.30 
* In  this  and  all  subsequent  tables  solid  magnesium  sulfate  refers  to  crystalline 
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TABLE Ia 
The method of crystallization  was essentially  the same as that previously  described 
(Northrop,  1930).  The amorphous  precipitate  obtained with magnesium  sulfate  was 
washed  with  acid  instead  of  dissolving  in  water  and  precipitating  with  acid.  The 
amorphous precipitate  must be filtered dry and the amount of acid used to wash must be 
about equal to the weight of the amorphous  cake.  If too little  acid is used, too much 
magnesium sulfate is left in the precipitate  and crystallization  is uncertain.  If too much 
acid is used the protein  dissolves.  The following directions apply only to crystallization 
of preparations  which have been prepared from Cudahy pepsin by extraction  with 0.6 
saturated magnesium sulfate, 0.2 ~ pH 5.0 acetate.  Such preparations  crystallize much 
more easily  and completely  than preparations  obtained by the original method when 
using  Cudahy pepsin.  The method of Philpot  (1935) may also be used but the yield 
is much smaller. 
Experimental Procedure 
Suspension of amorphous  pepsin in 0.8--0.9 saturated magnesium  sulfate  pH 2.5-3.0 
filtered  with suction  on a large funnel  so that the filter  cake is less than 5 nun.  thick. 
Filtration continued  until precipitate  begins to crack.  Quantity of cold 0.02 s  sulfuric 
acid equal to weight of the precipitate,  approximately  equivalent  to 4 times the protein, 
poured on and filtered  as dry as possible.  Precipitate  weighed and stirred with 1/4 its 
weight of water in tall,  narrow  beaker.  Beaker placed  in  1 liter  jar of water at 35oC. 
and stirred into smooth paste.  0.5 M sodium hydroxide  added very slowly with con- 
tinuous  stirring  until the precipitate  is just dissolved,  pH should be 3.9-4.0.  (If too 
much magnesium  sulfate  is left in the precipitate  more sodium hydroxide  is required. 
The pH of the clear  solution is then 4.0-4.3.)  The solution was stirred  slowly, inocu- 
lated,  although  this is not essential, and allowed to cool slowly to 20°C.  A heavy crys- 
talline precipitate  appeared  and the suspension was allowed to stand at 20°C. for 10-20 
hrs.  The beaker was then placed in a large vacuum jar an~i the jar put in the ice box for 
24 hrs.  At the end of this  time  the crystallization  was complete.  If too much mag- 
nesium sulfate  is present  the crystals may be rounded or the suspension may set  to a 
solid gel. 
TABLE II 
Preparation of Crystalline Pepsin, Sample No. 21, from Pepsinogen 
Procedure  the same as for preparation  of solution  No.  7 in  Table I  except  that a 
different sample of pepsinogen was used. 
Solution  No.  7 precipitated  by saturation  with  solid  magnesium  sulfate,  filtered. 
Precipitate  (92  gin.)  extracted with 2300 ml.  0.6  saturated magnesium  sulfate  0.2  M 
pH 5.0 acetate.  Suspension filtered.  Filtrate treated as described  under solution No. 
7 in Table I. 
more soluble and the more insoluble components as would be predicted for a 
solid solution.  The curve for the insoluble fraction also agrees with that 
expected for solid solutions rather than mixtures.  In the case of mixtures 
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but the curves show that this fraction gives again a smooth rounded curve, 
characteristic of a solid solution. 
The preparation of several samples of the soluble fraction from various 
lots of Cudahy pepsin is shown in Tables III-VII.  The solubility curves 
of these preparations in the  amorphous form are  shown in Fig.  2.  The 
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FIG. 1. Solubility curves of the amorphous form of various pepsin samples prepared 
from pepsinogen.  Solvent,  0.50 saturated magnesium sulfate, 0.05 ~t pH 4.6 acetate 
buffer.  In the method of plotting used in this and all subsequent solubility curves 
the theoretical curve for a system of one solid component has a slope of 1 up  to the 
appearance of the solid phase and  is parallel to the abscissa axis thereafter (slope 0) 
(Northrop  and  Kunitz, 1930; Kunitz and Northrop,  1938; Buffer, 1940).  In those 
figures where the experimental points lie on or close to this theoretical curve, no other 
curve has been drawn.  In those figures where the  experimental points lie far  from 
the theoretical curve a separate curve has been drawn through the experimental point. 
preparations  obtained  from  the  commercial preparation  have  the  same 
activity and solubility as those from pepsinogen.  The solubility (in the 
amorphous state) is constant in  (0.5  saturated magnesium sulfate, 0.05  ~r 
pH 4.6 acetate) and also in (0.6 saturated magnesium sulfate, 0.2 ~r pH 5.0 
acetate). 
The absolute value for the solubility agrees with that previously reported 
(Northrop,  1930).  Slight variations in this figure are due to slight varia- 
tions  in  temperature,  salt  concentration,  or  non-protein  nitrogen.  The R.  M.  HERRIOTT,  V.  DESKEUX,  AND  J.  H.  NORTHROP  219 
primary interest is in comparison of the different values of the solubility 
in the same experiment and for this reason no special precaution was taken 
TABLE  113" 
Preparation of Crystals 22-29  from 1:10,000 U.S.P. Cudahy Pepsin 
500 gin. Cudahy pepsin dissolved in 1 liter 0.5 u  pH 5.0 acetate 
buffer, 2 liters saturated magnesium sulfate solution and 200 
gin. Filter-Cel added.  Filtered.  Precipitate washed 3  times 
with 500  ml.  solvent and stirred 2  hrs.  in  15  liters solvent. 
Filtered.  Filtrate  saturated  with  solid  magnesium  sulfate, 
filtered.  Precipitate .... 
Precipitate No.  1 stirred plus 200 ml. water,  0.5 ~s sodium hy- 
droxide stirred in clear solution.  0.5 N sulfuric acid  stirred  in 
until pH  was  2.5.  Stood  6°C.  24 hrs.,  filtered, and crystal- 
lized.  Precipitate .... 
40 gin. No. 19 plus 500 ml. (0.5 saturated magnesium sulfate, 0.1 
x~ pH 4.0 acetate), stood 5°C. for 24 hrs.  Filtered. 
Precipitate .... 
~o. 
1 
19 
29 
aan-  N.PJ  ~ty 
~m.  I per ce 
!00  20 
40  10 
35  4 
0.28 
0.32 
0.34 
0.33 
TABLE  IV 
Preparation of Sample 25-11 
500 gin. Cudahy pepsin U.S.P. 1:10,000, lot No. 23, dissolved in 1 liter 0.5 ~ pH 5.0 
acetate.  2 liters saturated magnesium  sulfate and 200 gin.  Filter-Cel added; filtered. 
Precipitate, washed with 1 liter solvent* and stirredwith 15 liters solvent 2 hrs. at 20°C.; 
filtered.  Filtrate: 3 kg.  solid magnesium  sulfate and 300 ml.  5 N sulfuric acid added 
and filtered.  Precipitate--80 gm.  80 gin. precipitate stirred with 40 ml. water, warmed 
to 37°C., and 0.5 N sodium hydroxide added till clear.  Stirred and cooled slowly to 
20°C. for 24 hrs.  Small crop of large separate crystals (grey color), filtered.  Precipi- 
tate, 25-6 (10 gin.).  Filtrate: 100 ml. titrated to pH 3.0 with 0.2 N sulfuric acid, 100 ml. 
saturated magnesium sulfate added, filtered, and washed with 50 ml. cold N/50 sulfuric 
acid.  40 gin. precipitate crystallized (of. Table Ia) and filtered.  Precipitate, 20 gin., 
25-11. 
* Solvent--0.6 saturated magnesium sulfate, 0.2 ~ pH 5.0 acetate buffer. 
to have the composition of the solvent or the temperature exactly the same 
for different experiments. 
The solubility is constant and independent of the amount of solid present. 
The preparation, therefore, is a  pure protein, or a mixture of two proteins 
present in proportion to their solubilities or a  solid solution of two or more 220  ]~RACTIONATION  OF PEPSIN 
proteins having very nearly the  same  solubility  (Northrop  and  Kunitz, 
1930; Kunitz and Northrop, 1938; Butler, 1940). 
It will be noted that crystallization does not change the solubility curves 
markedly and in the case of pepsin from pepsinogen improves them.  The 
TABLE  V 
Preparation of 0.35 Pepsin 28-6 and 28-28  from Cudahy 1:10,000 Pepsin 
1 kg. Cudahy pepsin dissolved in 2 liters 0.5 ~¢ pH 5.0 acetate, 
4 liters saturated magnesium sulfate and 300  gin. Filter- 
Cel added, filtered.  Precipitate washed twice with 1 liter 
solvent.  Precipitate stirred 20 hrs. with 4 liters solvent. 
Filtered.  Filtrate ....... 
Precipitate .... 
Filtrate No. 1, saturated with solid magnesium sulfate, 60 gin. 
Fflter-Cel added and filtered.  Precipitate stirred with 300 
ml. (0.2 saturated magnesium sulfate, 0.4 ~ pH 5.0 acetate) 
and filtered.  300 ml. saturated magnesium sulfate added 
to filtrate and filtered.  Filtrate saturated with solid mag- 
nesium sulfate and filtered.  Precipitate .... 
Precipitate No. 2,  stirred with 6 liters (0.2  saturated mag- 
nesium sulfate, 0.4 M pH 4.0 acetate)  filtered.  Filtrate: 
4  liters saturated  magnesium sulfate added  and  filtered. 
Filtrate: Saturated with solid magnesium sulfate, 30 gin. 
Hyflo  Super-Cel  added,  filtered,  and  washed  with  0.6 
saturated  magnesium sulfate.  Precipitate stirred with 2 
liters (0.2  saturated  magnesium sulfate,  0.4 pH 5.0 ace- 
tate),  faltered.  Filtrate:  2  liters  saturated  magnesium 
sulfate added,  plus 30 gin. Hyflo Super-Cel and filtered. 
Filtrate: Saturated with solid magnesium sulfate plus 30 
gin. Hytto Super-Cel  and  filtered.  Precipitate:  170 gin. 
stirred with 1 liter 0.2 saturated  magnesium sulfate, 0.4 
pH 5.0 acetate, filtered.  Filtrate: 1 liter saturated mag- 
nesium sulfate added,  very slight precipitate after  1 hr. 
Saturated with solid magnesium sulfate and filtered. 
Precipitate .... 
Quantity 
0.28 
4 liters  0.34 
1200 gm. 
10 gin.  0.33 
20 gm.  O. 34 
fact  that  the  solubility is  constant in two  different solvents and is not 
changed by recrystallization, renders it very unlikely that the preparations 
consist of a mixture of proteins, present in proportion to their solubility or 
solid solutions of proteins having nearly the same solubility.  This possibil- 
ity, however, cannot be completely excluded but may be rendered more 
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TABLE  VI 
Preparation of 74-11,  74-56,  and 74-5g 
500 gin. Cudahy U.S.P.  1:10,000 pepsin (mixture of si: 
ferent lots) dissolved in 1 liter 0.5 ~  pH 5.0 acetate b 
3 liters saturated magnesium sulfate, and 75 gin. Flit~ 
added.  Filtered.  Precipitate washed with I liter sol~ 
Precipitate stirred 18 hrs. 20°C.  in 14 liters solvent. 
tered.  Filtrate. 
5 kg. solid magnesium sulfate added to filtrate; filtered. 
cipitate stirred with 3.5 liters solvent 18 hrs.  20°C. 
Suspensk 
Filtered.  Filtrate. 
Filtrate: 800 gin. solid magnesium sulfate and 30 gin. 
Cel added and filtered.  Precipitate: Stirred 6  hrs.  i 
with 2 liters solvent.  Suspensi~ 
Filtered.  Filtrate. 
Filtrate 7:400 gin. solid magnesium sulfate and 30 mL 5 
furic acid added, filtered,  crystallized (of. Table I  a). 
30 gin. No. 11 washed on filter with 100 ml. (0.5 saturated 
nesium sulfate, 0.05 M pH 4.6 acetate)  and stirred 
liters  (0.5  saturated  magnesium sulfate,  0.05  ~  pI 
acetate)  20 hrs.  20°C.  Filtered.  Filtrate: 400  gm. 
magnesium sulfate, 50 ml. 5 N sulfuric acid added.  Fi] 
and precipitate crystallized.  Crystals. 
10 gin. 74-30 suspended in 1 liter (0.5  saturated magm 
sulfate, 0.1 ~  pH 4.0 acetate)  24 hrs.  6°C., filtered. 
cipitate washed 3  times with  (50 ml. 0.5  saturated 
nesium sulfate, 0.05  ~  pH  4.6  acetate) and stirred 
500 ml.  (0.5  saturated magnesium sulfate, 0.05  M p] 
acetate) 20°C. 24 hrs.; filtered.  Precipita 
Filtrate. 
Precipitate 74-56 stirred with 50 ml. (0.5 saturated magn, 
sulfate, 0.05 ~  pH 4.6 acetate)  24 hrs., 20°C.,  centrif 
Supernat 
Precipitate, above treatment repeated.  Supernat 
"  "  "  "  Supemat 
Precipitate stirred with 15 nd. (0.5 saturated magnesiu~ 
fate, 0.05 M pH 4.6 acetate) 24 hrs., 20°C., centrifugec 
Supernat 
Precipitate 74-56, above treatment repeated.  Supernat 
Precipita 
Filtrate 56F:  100 gin. solid magnesium sulfate,  10 ml 
sulfuric acid  added,  filtered and washed,  and preci] 
crystallized.  Crystals 
58 suspended in 200 ml. (0.5 saturated magnesium sulfate, 
pH 4.0 acetate) 24 hrs., 6°C., filtered.  Precipita 
Quantity  Pm~.  '/ 
14  liters  0.35 
4  liters  1.4 
0.75 
2.5  liters  1.2 
1.0 
50  gin. 
15  gln. 
5  gm. 
500  ml. 
0.18 
0.17 
0.17 
0.20 
0.17 
0.5  gin. 
O.5  gin. 
0.45 gin. 
* Solvent-~3.6 saturated magnesium sulfate, 0.2 M pH 5.0 acetate buffer. 222  ]~KACTIONATION O]P  PEPSIN 
TABLE VII 
Preparation  of Sample  75-8 
Mixed lot of six batches Cudahy pepsin U.S.P. 1:10,000.  1 kg. dissolved in 21iters 
0.5 ~  pH 5.0 acetate buffer, 4.5 liters saturated magnesium sulfate, and 50 gin.  Hyflo 
Super-Cel added.  Precipitate filtered and washed with  1 liter  solvent.*  Precipitate 
stirred 20 hrs. at 20°C. with 14 liters solvent, filtered,  and washed with 1 liter solvent. 
14 liters filtrate.  3 kg. solid magnesium sulfate added to filtrate and 100 gin. Filter-Cel 
and  filtered.  Precipitate  washed  with  1  liter  solvent.  Precipitate  stirred  with  2.5 
liters solvent 20 hrs. at 20°C.  Filtered.  500 gin.  magnesium sulfate added to filtrate 
and 60 ml. 5 N sulfuric  acid stirred in.  Filtered and precipitate washed with 100 ml. 
cold s/50  sulfuric  acid; precipitate, 100  gin.  Crystallized.  (Cf.  Table Ia.)  40 gna. 
good crystals, some in clusters.  Crystalline precipitate filtered, washed with 200 ml. 
0.5 saturated magnesium sulfate, 0.1 M pH 4.0 acetate.  Suspended in 300 ml. 0.5 satu- 
rated magnesium sulfate, 0.1 M pH 4.0 acetate  --  75-8. 
* Solvent =  0.6 saturated magnesium sulfate, 0.2 ~ pH 5.0 acetate. 
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FIG. 2.  Solubility curves of different samples of soluble pepsin in the amorphous form 
in  magnesium sulfate solution. 
From what is known of solubility in general and that of proteins in particu- 
lar it is unlikely that two or more proteins would have even approximately 
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In order to extend the solubility measurements to other solvents and 
to obtain values for the solubility of the crystalline protein the measure- 
ments were repeated with the crystalline protein in several different solvents. 
Conditions  Used in the Solubility De~rminatlons.--In  order to apply the phase rule to 
solubility curves the following conditions are necessary (Northrop and Kunitz,  1930; 
Butler,  1940;  Kuuitz and Northrop,  1938). 
1.  The  system must  be at  equilibrium, i.e.  the concentration of the  various com- 
ponents must not change with time due either to a  chemical reaction or to  incomplete 
saturation of the solution with the solid. 
TABLE  VIII 
Increase in Non-Protein Nitrogen in Various Solvents 
Crystalline preparation 58-18 washed with (0.5 saturated magnesium sulfate, 0.05 M pH 4.6 acetate) and  then 
with water; dissolved in water and I ml. solution added to 50 ml. of solvent noted.  15 ml. solution in test tube 
with glass beads and rotated twice per rain. at 20°C.  Analyzed for total and non-protein nitrogen at once and 
after 7 days. 
Solvent 
Total N, rag./ml  ...... 
Prot.  N,  mg./ml  ..... 
N.P.N.  at  once, 
mg.lm~  ........... 
N.P.N. after  7 days, 
rag.l~  ........... 
Increase in N.P.N., 
rag.l~  ...........  I 
Increase in N.P.N.  as I 
per cent of original I 
value .............  [ 
Protein decomposed, 
per ¢~ ........... 
O:oO  lo 
0.063 
0.5 sat. MgSO~ 
0.002 HC1  0.05 pH 4,6| 
0.098 KCI  acetate 
0.28  0.28 
O. 264  I0.265 
0.0441 
0.042/0"043 
400 
24 
0.0265 
150 
10 
0.52  ~,  Na~SO4 
1 X  10  ~  HtSOi 
0.28 
0.264  O:Ol/ }o 
O. 
0.0331 o.u~o  ~ 
0.014 
90 
5.3 
0.35 sat. MgSO, 
t  × lO~ HISO, 
0.28 
O. 265 
0  018  oloI }O.O165 
0 035  01  }0.0"5 
0.018 
108 
6.8 
0.9 sat. MgS_O4 
0.I MNa~ 
0.28 
(0.017) 
0:  }0020 
0.012 
90 
5 
2.  The concentration of all components except the protein must be the same in all 
systems containing solid protein.  If it is not, the system has one degree of freedom and 
no conclusion can be drawn concerning the nature or number of the protein components 
present. 
In addition to these theoretical requirements it is necessary for practical reasons to 
choose a  solvent in which the protein has an accurately measurable solubility. 
The unstable nature of protein in general and pepsin in particular renders fulfillment 
of these requirements  difficult.  Pepsin  is known  to  decompose in  solution with  the 
formation of non-protein products at  a  measurable rate under any conditions so far 
described. 
The first solubility determination made by Northrop  (1930)  was  done with u/100 
hydrochloric acid.  It was found that inactivation occurred so rapidly under these con- 
ditions as to render the experiment valueless.  The rate of inactivation slowed down 
rapidly as  the  decomposition products  collected in  solution  so  that  solutions which 224  FRACTIONATION  OF  PEPSIN 
already contained 10 per cent or more non-protein nitrogen appeared to be fairly stable. 
It is probably for this reason that Steinhardt considered the enzyme to be stable at pH 
2.5.  However, as soon as the non-protein nitrogen is removed more is rapidly formed. 
The inactivation of solutions of pepsin in various solvents stirred gently at  20°C. 
(without  any  air bubbles)  is shown  in Table VIII.  The  table shows  that  in  (0.098 
potassium chloride, 0.002  hydrochloric acid) the non-protein nitrogen increases 400 per 
cent in 7 days equivalent to 24 per cent of the total protein present.  In (0.5 saturated 
magnesium sulfate, 0.05  M pH 4.6 acetate)  the corresponding figures are 160 per cent 
and  10  per cent,  while in  sodium sulfate, magnesium  sulfate without  acetate, or 0.9 
o  v 0  5  10 
Time-days 
--  "  Q  ~5  ~ 
~ 10  "  "  " 
1.0  2.0  3.0 
eay  
I~IG. 3 
2O 
5 
,,I,,  ,I,, 
O0  5  10  15  u  Time-  day8 
nr  I  I  I  I  I  I  I  I 
v  o  2  4  6  8 
~/Time - days 
Fro. 4 
FIO. 3.  Decomposition of pepsin in 0.1 M pH 4.6 acetate buffer at 25°C. and 0°C. 
Fio. 4.  Decomposition of a  suspension of crystalline pepsin in 0.1  x~ potassium chlo- 
ride pH 2.7 and 5°C. 
saturated magnesium sulfate, 0.1 xr sodium acetate (pH 6.0) they are about 100 per cent 
and 5-7 per cent.  It requires 1-3 days for equilibrium to be reached under these condi- 
tions so that even in the most favorable solvent there is significant decomposition while 
in dilute hydrochloric acid, decomposition is so marked as to render this solvent un- 
suitable. 
Fig. 3 shows the rate of decomposition of pepsin in solution in N/10 pH 4.6 acetate 
buffer at  25°C.  and  0°C.  It  will be  noted  that  the  rate  of inactivation apparently 
decreases rapidly after reaching 9 per cent at 0°C. and 15 per cent at 25°C.  However, 
if the results are plotted against the square root of the time it is evident that the rate is 
nearly constant and is proportional to the square root of the time.  The square  root 
relation is characteristic of pepsin hydrolysis curves and is probably the result of the 
inhibiting action of the products of the reaction.  The decomposition of a suspension of 
crystalline pepsin in 0.1 ~ potassium chloride pH 2.7 at S°C. without stirring is shown in R.  M.  HERRIOTT,  V.  DESREUX,  AND  J.  H.  NORTHROP  225 
Fig. 4.  Even under these conditions the inactivation is much too rapid to allow the use 
of the solvent.  Comparison of these results with those in Table VIII shows  that the 
per cent increase in non-protein  nitrogen in the suspension is less than that in the solution 
at nearly the same pH.  The increase in non-protein nitrogen expressed as per cent of 
TABLE  IX 
A. Formation of Non-Protein Nitrogen under Different Conditions 
In 0.1 M pH 4.6 Acetate B~yer 
5 gin. crystalline pepsin in 35 ml. w/10 pH 4.6 acetate.  Dialyzed at 7"C. against M/10 pH 4.65 acetate buffer. 
Time dialyzed  Per cent N.P.N. inside  Total N.P.N.  Total N.P.N. in dialysate 
days 
0 
2 
5 
7 
12 
mg. 
3O  0 
26 
37 
41  1.5 
B. In 0.4 Saturated Magnesium Sulfate and 0.5 M pH 4.6 Acetate 
5  gin,  crystalline pepsin  stirred  for  20 min.  st  22"C. with  20  ml.  solvent.  Centrifuged and  supernstsnt 
analyzed for protein and non-proteln nitrogen.  Repeated 6 times. 
Protein nitrogen  Non-protein nitrogen 
Original suspension .............................. 
In combined extracts ............................ 
In residue ...................................... 
Total present after extractions .................... 
Protein nitrogen lost ............................. 
Non-protein nitrogen formed ..................... 
mg. 
221.5 
189.8 
23 
212.8 
8.7 
m&. 
8.5 
17.7 
1.15 
18.85 
10.3 
C. Solution of Pepsin 6-17, 0.33 [p.U.]pH.b.in Water Adjusted to Various pH witk 
Hydrockloric Acid 
Temperature O*C.  I rag. nitrogen/mL 
pH ...............................................  4.6  I  3.5  I  2.S 
Non-pro~in  nitro&ca  as per cent of total nitrogen 
Mter 0  hrs  ..........................  3  3  3 
"  70  ".  ........................  7'  12  12 
Per cent increase non-protein nitrogen...  125  300  300 
the dissolved protein is, however, nearly the same.  Decomposition occurs in solution 
therefore and not in the solid protein, as is to be expected.  For this reason the forma- 
tion of non-protein  nitrogen in a concentrated suspension may be too small to be detected. 
The formation of non-protein nitrogen during dialysis against x¢/10 pH 4.6 acetate or 
during repeated washing with (0.5 u saturated magnesium sulfate, 0.05 M pH 4.6 acetate) 
is shown in Table IX.  In both cases  the amount of non-protein nitrogen eventually 
formed in solution is considerably greater than the total amount originally present show- 226  FRACTIONATION  OF PEPSIN 
ing that it is actually formed during the experiment.  This is confirmed in Table IX B 
since the loss of protein nitrogen is equal, within the experimental error, to the gain in 
non-protein nitrogen. 
In Table IX C the formation of non-protein nitrogen in solution at 0°C. and pH 4.6, 
3.5, and 2.5 is shown.  This sample was unusually low in non-protein nitrogen at the 
beginning of the reaction and  the rate of formation is correspondingly higher.  It is 
evident from the foregoing that there is no general relation between the per cent of non- 
protein nitrogen in the solid and in the solvent but that the ratio varies depending on 
the solvent used.  In 0.5  saturated magnesium sulfate and 0.1  ~  pH 4.0 acetate, for 
instance, only non-protein nitrogen appears in solution and no protein nitrogen.  Never- 
theless, it is not possible to completely remove the non-protein nitrogen in any solvent 
so far used since the diffusion of the non-protein compounds into the solution is slow and 
in the meantime more non-protein nitrogen is formed. 
It is evident from these results that pepsin decomposes to a measurable extent in all 
solutes tried, in the course of several days.  Solubility determinations must therefore be 
carried out as rapidly as possible.  The solubility of the amorphous form may be deter- 
mined in less than 1 hour and in this time no detectable decomposition will occur.  The 
method has the further advantage that  no stirring is necessary.  The method has the 
serious disadvantage, however,  that  there  is  always  some uncertainty as to whether 
the values obtained are equilibrium values or not. 
The amorphous form is unstable and at true equilibrium must all change over to the 
crystalline state.  It follows necessarily that the amorphous form is more soluble.  It 
is possible, however, by working rapidly under conditions where the protein does not 
crystallize easily to obtain values for the solubility of the amorphous form which are 
equilibrium values in the sense that  the same value is reached by precipitating or by 
dissolving the solid.  The measurements are made by diluting a suspension of the crys- 
tals or amorphous protein in the solvent to be used, with a part of the solvent in which 
the protein is soluble and  then adding the other part of the solvent so that  the final 
solutions all have the same pH and salt concentration.  In the case of (0.5 saturated 
magnesium sulfate, 0.05  x~ pH 4.6 acetate) the protein is washed several times with the 
solvent and the precipitate then dissolved in 0.1 ~  pH 4.6 acetate.  If the protein is in 
crystalline form it is essential to allow the solution to stand several hours so as to be 
sure  all crystals are  dissolved, otherwise crystallization will occur as soon as  the  salt 
solution is added.  Pepsin does not crystallize readily in this solvent unless crystals are 
already present to serve as inoculation (cf. Northrop,  1930).  An amount of saturated 
magnesium sulfate exactly equal to  the  quantity of acetate previously added is then 
added slowly with constant stirring so as to avoid local excess and subsequent precipita- 
tion.  The tube is allowed to stand for 1--4 hours and then filtered.  If filtered too soon 
the solution may be supersaturated and this is apt to be the case when the amount of 
precipitate is very small.  If allowed to stand too long crystallization will start.  It has 
been found that the value after 1 hour standing is fairly constant and agrees quite closely 
with that obtained by stirring the solid with the solvent.  An example of an experiment 
which shows the effect of time of standing and of the presence of inoculating crystals is 
shown  in  Table X. 
Solubility  of the Crystalline Protein.  Time for Equilibrium  to Be Reached.--It  is evi- 
dent from the inactivation experiments that some decomposition occurs even in 24 hours. 
It is necessary therefore to obtain solubility equilibrium as rapidly as possible.  The R. M. ITERRIOTT, V. DESREUX,  AND  J.  H. NORTHROP  227 
rate of solution, other things being constant, is proportional to the rate of stirring but 
unfortunately the rate of decomposition also increases with the rate of stirring and, if 
foaming occurs, may become very great.  The method of rapid stirring described earlier 
(Northrop,  1930)  gives very quick saturation but it is difficult to obtain stirrers suffi- 
ciently free from vibration.  It was found that rotating the suspension in 10  ×  0.7 cm. 
tubes  containing 3-5  glass beads 2  ram.  in  diameter gave nearly constant  solubility 
values in from 6-24 hours.  The tubes are rotated around their short axis about 5 times 
per minute.  Under  these conditions the concentration of protein nitrogen in sodium 
TABLE  X 
Effect of Time of Standing at 20"C. on Solubility of Amorphous Pepsin 
t 
'0.5 Saturated Magnesium Sulfate 
in  0.05 M pit 4.6 Acetate 
Oysta]s 74-30 washed with (0.5 saturated magnesium sulfate,  0.05 ~, pH 4.6 acetate) and  suspended  in same 
solvent.  Suspension  I.  5 rag. N/ml. 
Time after 
addition of 
saturated 
magnesium 
sulfate 
A 
5 ml. suspension I -{- 10 ml. 0.10 xr pH 
4.6 acetate, stood until nearly clear 
and 10 ml. saturated magnesium sul- 
fate  added,  20°C.  Stood at  20°C. 
and samples filtered and analyzed for 
protein nitrogen as noted. 
Total P.N. ffi 1.0 mg./ml. 
B 
Same as A but stood in acetate 4 hrs. 
before  addition  of  saturated  mag- 
nesium sulfate. 
Total P.N.  ffi 1.0 mg./ml. 
P.N./ral.  ~Jrats  P.N./ral..filtrate 
Imin.  1.0 
10 rain.  0.90 
1 hr.  0.70 
6 hrs.  0.50 (highly  refractile large  particles) 
Suspension  of amorphous precipitate added slowly to  10 ml. solvent  until  slight  permanent 
turbidity.  Total nitrogen/ml. -- 1.0.  Nitrogen/ml. dissolved =  0.85. 
1.0 
1.0 
0.90 
0.90 fine amorphous precipitate 
sulfate solutions remains constant within 3 per cent from 6 to 24 hours at 20°C.  There 
is a  slow steady increase over longer periods of time.  Similar results were obtained in 
the other solvents except that  in some experiments the protein concentration in  (0.5 
saturated magnesium sulfate, 0.05  ~  pH 4.6 acetate) increased 10--20 per cent per day. 
After 48-72 hours a  secondary more rapid increase frequently occurs which is probably 
due to the growth of mold in the suspensions. 
All experiments were done by stirring the precipitate with several successive portions 
of the solvent until a constant value for the protein nitrogen per milliliter was obtained 
on two or more successive solutions.  Equilibrium is obtained in a few hours in such con- 
centrated suspensions and the per cent of the total protein dissolved is small.  Variation 
in these preliminary washings must therefore be due to changes in the concentration of 228  FRACTIONATION  OF  PEPSIN 
one or more components of the solvent (of. Butler, 1940).  Conversely, if the solubility 
of the protein is constant in successive washings it may be assumed that the composition 
of the solvent is constant.  The suspension is then diluted with the solvent so as to ob- 
tain a series of suspensions containing varying quantities of solid protein and the tubes 
are rotated for 6-24 hours at 20°C.  They are then filtered through Whatman No. 42 
paper and the filtrate analyzed.  This method of distribution is not so sensitive as the 
method of successive washings.  The latter method, however, necessarily extends over 
many days and is evidently inapplicable to such an unstable protein as pepsin. 
Nen-Protein Nitrogen.--The  experiments on the rate of decomposition of pepsin show 
that significant quantities of non-protein nitrogen are formed even in 24 hours at 20°C. 
so that these compounds must be considered as components of the system.  In this case 
there  are five components,  water,  salt, acid, non-protein nitrogen,  1 and  protein, and 
two phases, solid and solution.  If the temperature, pressure, acid, non-protein nitrogen, 
TABLE  XI 
Per Cent Non-Protein Nitrogen in Precipitate  from Dilute Suspension and in Supernatant 
from Concentrated Suspension in Various Solvents 
Solvent 
(0.5  saturated magnesium  sulfate, 
0.05 M pH 4.6 acetate) 
0.52  M sodium  sulfate 
(0.9 saturated magnesium sulfate, 
0.1  M sodium  acetate) 
Precipitate 
Amorphous 
Crystals, average of 13 anal- 
yses 
Crystals 
Crystals 
Non-protein nitrogen  as per 
cent of total nitrogen 
In precipitate  In supernatant 
5.0  5.0 
5.1  15.3 
4.8  9.0 
6.0  10.0 
and salt are constant, and only one protein component is present, the system is fixed and 
the protein concentration must be constant.  If the protein is not constant under these 
conditions then there must be more than one protein component. 
If, however, the non-protein concentration varies in the system then the system will 
have one degree of freedom even though the salt and acid are constant.  In this case 
variation in the protein concentration does not necessarily prove the presence of more 
than  one  protein  component. 
Before it is possible to interpret the solubility curves, therefore, it is necessary to 
know whether or not the non-protein nitrogen is constant.  In order to do this the pre- 
cipitate from a  dilute suspension and the filtrate from a concentrated suspension in the 
various  solvents  under  consideration  were  analyzed.  Any  variation  in  composition 
would be expected to appear in these two fractions, whether the system is considered a 
mixture or solid solution.  If the composition of these fractions is the same the compo- 
sition of all the others may be considered constant.  Table XI shows that  with  (0.5 
I Actually  there  are  undoubtedly  a  number  of  different  non-protein  components 
present, but since no method of analysis is available for the individual components they 
are considered as one. R.  M.  HERRIOTT,  V.  DESI~EUX,  AND  J.  H.  NORTHROP  229 
saturated  magnesium sulfate, 0.05 x¢ pH 4.6 acetate) the per cent non-protein nitrogen 
in the amorphous precipitate  is the same as that in the filtrate.  Any variation in the 
dissolved protein concentration in this system therefore indicates the presence of more 
than one protein component while constant protein concentration indicates the presence 
of only one protein component.  In the case of the crystals, however, this is not the case. 
The per cent of non-protein nitrogen is higher in the filtrate than in the precipitate.  In 
this case, therefore, there is still one degree of freedom, even though the acid and salt are 
fixed and variations in protein concentration do not necessarily indicate the presence of 
more than  one protein  component. 
The  results  of  the  solubility measurements  on  various preparations  of 
the crystalline protein are shown in Figs. 5-8. 
The  curves show that the solubility is constant and independent  of the 
amount of solid phase present in the following solvents.  Amorphous form 
in (0.5 saturated magnesium sulfate, 0.05 M  pH 4.6 acetate) or (0.6 saturated 
magnesium  sulfate,  0.2  •  pH  5.0  acetate):  Crystalline  form  in  0.76 
sodium sulfate pH 4.1, 0.52 M sodium sulfate pH 3.9,  0.9  saturated  mag- 
nesium sulfate pH 6.0, 0.1 M sodium acetate, 3.2 ~  sodium chloride pH 3.8, 
or 0.4 saturated magnesium sulfate pH 3.8. 
The solubility of both the amorphous and crpstalline forms in (0.5 satu- 
rated magnesium sulfate, 0.05 ~ pH 4.6 acetate) and of the crystalline form 
in  0.52  M sodium  sulfate  agrees  closely with  that  previously determined 
(Northrop,  1930). 
The original  and the present preparations both gave constant solubility 
in the amorphous form in (0.5 saturated magnesium sulfate, 0.05 ~  pH 4.6 
acetate) and in the crystalline form in sodium sulfate.  The solubility curves 
of the crystals in (0.5 saturated magnesium sulfate, 0.05 ~  pH 4.6 acetate) 
are not constant  but are rounded in the dilute suspensions.  This  abnor- 
mality is discussed below. 
The earlier experiments were made with pepsin which had been crystal- 
lized directly from Parke, Davis preparation without previous fractionation 
of the protein.  Pepsin prepared in this way from commercial preparations 
now available does not give constant solubility in any solvent tried.  The 
original preparation was repeated many times but only one lot of commer- 
cial pepsin was used.  Evidently this particular lot of crude pepsin was more 
homogeneous  than  usual. 
In  (0.2 M pH 4.4 acetate,  1.0 M sodium sulfate),  (0.2 M pH 3.5 acetate, 
0.5 ~  sodium sulfate) or  (0.5 saturated magnesium sulfate, 0.05 M pH 4.6 
acetate) however, the points do not fall on the theoretical curve for a system 
of one solid phase of one component but are below this curve in the dilute 
suspensions (Fig. 5).  The same result was obtained in the original solubil- 230  I~'RACTIONATION  OF  PEPSIN 
ity experiments.  All these solvents contain acetate buffer, while the corre- 
sponding solvents without the acetate buffer give theoretical curves. 
mg: 
1.2 
1.0 
0.8 
0.6 
0.4 
0,~ 
0 
0.4 
0.2 
¢4  0 
0.4 
0.o 
o 
u  0.6 
0.4 
0.2 
"g  o 
2.0 
,  AA 
_-  O~mo  -  "  9  4.4o 
r'ptzaua aoZf.bilit), in. O..5,r,z~,.  4.4" 
Mff$O1t " 0..05 MpPI  4.6 ,zcet~te 
_  Cryst. solldrility in a 5 sat. MgSO~- 
3j-o u  v  ,  o 
-  ~  ~o~'--Co,st.  soZ~!~izity in 1.0M  c  &O 
y  N,*zSO, -  0.2M  pH4.4 ,zcet,zte 
-  Cryst. soZubiZiO, in, 0.  5MN,  z2SO  ~- 
-  a 2 M#I  3.5 aeet,,~e 
Cr2at. aolu.bili~y in 0.5£M 
-  N*zzSO,l, -  pH3.8 
C~st, solubility in 0. 75 M 
Naz304 "pH4.Z 
0.8 
0.6 
0.4 
0.2 
o 
0.6 
0.4- 
0.2 
oo 
Crpst. ~oZub~Zi~ in. 0. 4 sa~ 
McSO~ - r~ 3.0 
I  I  I 
~.o  2.0  ,3.0  mS: 
Prof. N  per ml,-~:o~:al 
8.0 
f2.0 j 
O 
I0.8 
z~ 
6.7 
7.2 
FIG. 5. Solubility of crystalline pepsin, sample No. 13-10 circles and No. 21 triangles, 
in various solvents at 20°C.  For preparation of these samples see Tables I and II. 
There are two possible explanations for this discrepancy: 
1.  The  variation  in  non-protein  nitrogen  affects  the  solubility  of  the 
protein in the presence of acetate buffer but does not do so in the other 
solvents.  This explanation predicts that the addition of non-protein nitro- m~ 
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FIG. 6. Solubility of crystalline preparation No.  75-8 (see Table VII)  in various 
solvents at 20°C. 
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7.  Solubility  of  crystalline  preparation  No.  22-29  (see  Table  III)  in  0.52  x, 
sulfate,  2.5  X  10  -8 sulfuric acid at 20°C. 
gen will affect the solubility of the protein in the presence of acetate but will 
not do so in the absence of acetate buffer.  As will be seen below this is the 
case. 232  FRACTIONATION  OF PEPSIN 
2.  More than one protein is present.  The solubilities of these proteins 
are nearly the same in the absence of acetate but are different in the pres- 
ence of acetate.  This explanation predicts that the protein can be further 
separated by fractionation in the solvents containing acetate.  The results 
show that this cannot be done. 
Effect of Non-Protein Nitrogen on the Solubility of Pepsin in (0.5 Saturated 
Magnesium Sulfate,  0.05 M pH 6.4 Acetate) and in 0.52 M Sodium Sulfate, 
pH 3.9.--The substances grouped together as non-protein nitrogen may be 
quite different in different solvents.  All that is known about them is that 
they are formed by decomposition of the protein and that they do not precip- 
itate with 2 per cent trichloracetic acid.  In order to test their effect on the 
solubility of the protein therefore it is necessary to have a solution prepared 
"~  1.2- 
I  I  I 
2.0  3.0  4.0  mo< 
Prof. N per inf.-total 
FIG. 8. Solubility  of crystalline preparation No. 25-11 (see Table IV) in 0.52 M  sodium 
sulfate, 2.5  ×  10  -8 sulfuric acid at 20°C.  Protein nitrogen determined by turbidity. 
as nearly as possible under the actual conditions of the solubility experiment. 
The solution containing the non-protein nitrogen was prepared therefore 
from a saturated solution of the protein in the solvent by heating the solu- 
tion as rapidly as possible  and filtering off the denatured protein.  The 
details of this procedure are shown in Table XII.  There is no change in 
the pH or non-protein nitrogen content of the magnesium sulfate-acetate 
solvent upon removal of the protein in this way.  In sodium  sulfate the 
non-protein nitrogen increases and the pH becomes slightly more alkaline 
upon heating.  This difference is due to the fact that pepsin is more active 
in the less concentrated sodium sulfate than it is in the magnesium sulfate 
so that more non-protein nitrogen is formed from the denatured protein 
before inactivation is complete. 
The effect of the solvents on the solubility of the protein is shown in 
Fig. 9.  The solubility in the magnesium sulfate-acetate solvent is decreased 
markedly by the presence of the non-protein nitrogen and the resultant R.  M.  HERRiOTT,  V. DESREUX,  AND  J. H.  NORTHROP  233 
curve deviates more from the theoretical than does the curve in which pure 
solvent was used.  It must be remembered that the suspension in the pure 
solvent also  contains  the  non-protein nitrogen which is  formed during 
the  solubility experiment.  It  is  evident that  this  effect of non-protein 
nitrogen on the solubility is quite sufficient to account for the deviation 
of the results from the theoretical curve in this solvent.  It is quite possible 
that this effect of the non-protein nitrogen is due to the formation of a solid 
TABLE  XII 
Preparation of "Non-Protein Nitrogen Solvents" Fig.  9 
(0.5  saturated  magnesium  sulfate,  0.05  u  pH  4.6 
acetate) 
Suspension  of  sample  54-19  in  (0.5  saturated  mag- 
nesium sulfate, 0.05 u  pH 4.6 acetate) ............. 
Suspension No. 1 rocked 20°C.,  24 hrs  ............... 
Filtered.  Filtrate ...... 
Filtrate No. 3, heated to 100°C. for 1 rain., cooled, and 
filtered ......................................... 
Solution No. 4 used in solubility experiment. 
Non-protein nitrogen in sodium sulfate solvent. 
Suspension of 54-19 in 0.52 u  sodium sulfate, 1 X  10  -a 
sulfuric  acid  .................................. 
Suspension  No. 5 rocked 20°C., 24 hrs  ............... 
Suspension No. 6 filtered.  Filtrate  ...... 
Filtrate No. 7 heated rapidly to I00°C. for 1 mln., 
cooled,  and filtered  .............................. 
0.2  nil.  0.2  M hydrochloric  acid  added to  50 lnl.  solution 
No. 8 .......................................... 
Solution No. 9 used  in  solubility  experiment. 
Nitrogen/ml. 
~o. 
Protein  Non-proteln 
1  0.50  0 
2  0.50  0.O3 
3  0.20  0.O3 
4  0  0.05 
5  1.6  0 
6  1.5  0.08 
7  0.65  0.08 
8  0  0.45 
9  0  :  0.45 
pH 
3.90 
3.90 
3.90 
3.90 
3.90 
3.90 
3.90 
3.98 
3.90 
solution of the non-protein with the protein as Steinhardt has suggested 
(1938,  1939).  Experimental test of this mechanism is difficult since the 
amount of  non-protein nitrogen in  the  solid is  too  small  to  determine 
accurately.  Expressed as mole fraction, however, it may be  very large 
owing to the great difference in molecular weight between the protein and 
non-protein components. 
In sodium sulfate the non-protein nitrogen has less effect on the solubility 
of the protein and what effect it does have is in the opposite direction, that 
is, the protein is slightly more soluble in the presence of increased amounts 
of non-protein nitrogen.  In this case the non-protein nitrogen added was 234  FRACTIONATION OF I~EPSIN 
4  times  that  formed  during  the  solubility  experiment.  Evidently  the 
amount of non-protein nitrogen formed during the experiment would not 
affect the solubility to a measurable extent.  The non-protein nitrogen may 
therefore be considered an inert component in this solvent. 
Results  of  Fractionation  in  0.5  Saturated  Magnesium  Sulfate,  pit  4.6 
Acaate.--The preceding section shows that the effect of non-protein nitrogen 
on the solubility of the protein is sufficient to account for the divergence of 
the results from the curve for a pure protein.  This result, however, does 
m~ 
0.3 
O.2 
o.I 
o 
0.8 
t  =P.N./.z.  I  • o  ....  I 
~Y=  P.N/m ~ tale.f  ram a,  ctied2y~ i,, OS2M-Na ,SO, - l x  SO'*n, $O, 
o .....  Z~ tu~igiZy  3  ............. 
• .....  ~tur~i~it,  v  Jtt2SO~*O. 4$1~.P.l~./ra~B 
I  I  I  I 
O0  £0  2.0  3.0  4.0  nag. 
Prof. N per ml.- total 
FIG. 9. Effect of the addition of non-protein nitrogen on the solubility of crystalline 
pepsin in magnesium sulfate or sodium sulfate. 
not exclude the possibility that more than one protein is present.  If two or 
more proteins are present, however, then their relative concentrations must 
be different in those solid phases having different solubilities and it should, 
therefore, be possible to separate them at least partially by reextracting the 
protein with the solvent.  The extract obtained when only a small per cent 
of the solid is dissolved should contain more of the soluble component while 
the residue left after most of the protein is dissolved should be high in the 
insoluble component.  It may be recalled that such a separation does occur 
with  crude preparations  which give  solid  solution  curves in  all  solvents 
(Fig.  1).  Preparations  giving  good  curves  in  other  solvents  but  solid 
solution curves in (0.5 saturated magnesium sulfate, 0.05 M pH 4.6 acetate) R. M. HERRIOTT, V; DESREUX, AND ~. H. NORTHROP  235 
cannot be separated by extraction with this solvent.  The protein extracted 
gives curves differing slightly if at all  from the residue left after nearly 
complete  solution.  Both  curves  are  indistinguishable  from  that  of  the 
original preparation  (Fig.  10).  The figure shows that preparation  74-11 
gave a solid solution curve when tested in the amorphous form.  Prepara- 
tion 74-30  was prepared from 74-11  by extraction in the solvent used for 
solubility measurements.  This preparation (74-30)  has constant solubility 
in  the  amorphous  form.  This  preparation,  however,  gives  a  slightly 
rounded curve in the crystalline form in (0.5 saturated magnesium sulfate, 
rag.  I  |  ~" 7"4-11 
.o  ~-  0.74-30 
 osk  0.7#60  o 
~  "  ~  e-74-566  /  a 
!o L  / 
: o,L  / 
~02 L-  /  o  •  [__¢g@  e  o  crystct~itte 
0  kl  I  I 
0  0.5  1.0 
Prot. N  per m/.-total 
ff~cti~tr ~wtra~zted  0., 
0  •  0 
I  I 
1.5  2.0  mg. 
FIG. 10. Effect of fractionation with 0.5 saturated magnesium sulfate, 0.05 ~r pH 4.6 
acetate on the solubility of pepsin preparations.  Solubility  determined in 0.5 saturated 
magnesium sulfate, 0.05 x~ pH 4.6 acetate.  74-11,  original crystals; 74-30, 50 per cent of 
74-11 extracted with the solvent, precipitated, and crystallized; 74-60, 10 per cent of 
74-30 extracted in the solvent, precipitated, and crystallized; 74-566, residue left after 
repeated extraction of 74-30 in the solvent, equivalent to 5 per cent of 74-30. 
0.05 x~ pH 4.6 acetate).  Upon further extraction the same curve is obtained 
either from the residue or from the protein extracted (lower curves in Fig. 9). 
It may be concluded, therefore, that the preparation contains only one 
protein component and that the rounded curves obtained in (0.5 saturated 
magnesium sulfate,  0.05  x~ pH  4.6  acetate)  are  due  to  variation  in  the 
non-protein nitrogen. 
II.  Preparation of a Less Soluble Fraction 
The preliminary experiments reported by Desreux and Herriott (1939) 
indicate the presence of at least one other less soluble component, besides 
the one described in the preceding section.  This insoluble component is 
present in large amounts in Parke, Davis pepsin.  Accordingly attempts to 236  ]~RACTIO~ATION O~  ~l~-i~IN 
TABLE XIII 
Preparation of Insoluble Pepsin Sample 33-30 
Precipitation between 0.1-0.45 and 0.45-0.6 saturated magnesium sulfate at pH  5.0. 
I kg. Parke, Davis U.S.P. 1 : 10,000 pepsin dissolved in 5 liters 
0.2 ~ pH 5.0 acetate, 3 kg. solid magnesium sulfate added 
and 300 gm. Hyflo Super-Cel and filtered. 
Filtrate ...... 
Precipitate washed with 500 ml. (0.6  saturated magnesium 
sulfate 0.2 ~t pH 5.0 acetate).  Stirred with 5 liters (0.45 
saturated  magnesium  sulfate,  0,2  M  pH  5.0  acetate), 
filtered.  Filtrate ...... 
Precipitate... 
Filtrate 2: 900 gin. solid magnesium sulfate added, titrated to 
pH 5.0, filtered.  Precipitate... 
Precipitate 5  stirred in  1 liter  (0.45  saturated  magnesium 
sulfate, 0.5 M pH 5.0 acetate) and filtered. 
100 ml. saturated magnesium sulfate added to filtrate and 
filtered.  Precipitate... 
140 gin. precipitate 8 stirred with 900 ml. (0.45  saturated 
magnesium sulfate, 0.5 u  pH 5.0 acetate),  nearly clear, 
filtered. 
370 ml. saturated magnesium sulfate added to filtrate and 
filtered.  Precipitate (120 gin.) stirred with 600 ml. (0.45 
saturated magnesium sulfate, 0.5  ~t pH 5.0 acetate) and 
filtered.  240  ml. saturated  magnesium sulfate added to 
700 ml. filtrate and filtered.  Precipitate (70 gin.) stirred 
with 350 ml. (0.45 saturated magnesium sulfate, 0.I M pH 
5.0  acetate)  and filtered.  140 ml. saturated magnesium 
sulfate added to filtrate.  Stood 24 hrs. 20°C. and filtered. 
Precipitate (40 gin.) stirred with 400 ml. 0.5 ~ pH 5.0 ace- 
tate, 600 ml. saturated magnesium sulfate added and fil- 
tered. 
No.  sat.  thy  N.P.N. 
MgS04 
gin.  per cent 
1  0.65  0.25 
2  0.45 
3  35 
5  0.65  280 
0.60 
8  140 
0.45 
Filtrate ........  19 
Precipitate...  20  40 
Preparation of Fraction Insoluble in 0.45 Saturated Magnesium Sul rate 
0.20 
0.23 
0.25 
0.20 
Precipitate 33-3  (35 gin.) dissolved in 1 liter 0.5 u  pH 5.0 
acetate,  800  ml.  saturated  magnesium  sulfate  added, 
filtered.  Precipitate .... 
20 gm. precipitate 32 dissolved in 100 ml. 0.5 K pH 5.0 ace- 
tate, 80 ml. saturated magnesium sulfate added, filtered. 
Filtrate ...... 
Precipitate... 
32  0.45 
33  0.45 
34 
20 
16 
0.33 
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16 gm. precipitate 34 dissolved in 50 ml. 0.1 ~ pH 4.6 acel 
and 50 ml. saturated magnesium sulfate added.  Filtel 
Precipitate  washed with  (0.5  saturated  magnesium 
fate, 0.05 xt pH 5.0 acetate) and dissolved in 50 ml. 0.1 
pH 4.6 acetate.  50 ml. saturated magnesium sulfate 
30 ml. 5 N sulfuric acid added and filtered. 
Precipitate 
8 gm. precipitate 39 dissolved in 60 ml. water, cooled to 0' 
and 60 ml. 5 N sulfuric acid and 1 gm. Filter-Cel added 
filtered.  Precipitate dissolved in 40 ml. 2 x~ pH 5.0 
rate,  40 ml. saturated  magnesium sulfate added and 
tered.  Precipitate 
Precipitate 40 washed with (0.5  saturated  magnesium 
fate, 0.05 M pH 4.6 acetate) dissolved in 55 ml. 0.1 M 
4.6 acetate and 20 ml. saturated magnesium sulfate add 
filtered.  Precipitate 
Filtrate... 
Filtrate No. 42:10 ml. saturated magnesium sulfate ad, 
and filtered.  Precipitate 
Filtrate... 
Filtrate No. 44:20 ml. saturated magnesium sulfate ad, 
and filtered.  Precipitate 
Filtrate... 
Filtrate No. 46 saturated with solid magnesium sulfate 
faltered.  Precipitate 
0.17 
0.12 
0.16 
0.20 
0.24 
prepare  the  component  were  made  with  Parke,  Davis  1:10,000  pepsin. 
The fractionation  was carried out as described for the soluble component 
except that in this case the fraction precipitating  between 0.10.-0.45  satu- 
rated magnesium  sulfate in 0.2 M pH 5.0 acetate was concentrated.  At- 
tempts were also made to isolate a  fraction soluble between 0.45 and 0.60 
saturated  magnesium  sulfate.  The  results  of  such  a  fractionation  are 
reported  in  experiment  33,  Table  XIII.  It  is  evident  that  the  fraction 
soluble in 0.45 saturated magnesium sulfate and insoluble in 0.65 saturated 
magnesium  sulfate decreases rapidly at each  successive precipitation  and 
that there is no indication that any constant value will be reached.  This 
result  does not exclude the existence of such a  fraction but merely shows 
that, if present, isolation  would entail  the  use of very large  quantities  of 
material.  The  fraction insoluble in 0.4 saturated magnesium  sulfate also 
decreases rapidly  but  at  each  precipitation  the  substance  becomes more 238  YRACTIONATION O~' PEPSIN 
insoluble and a preparation is finally obtained which has a very low solubil- 
ity in 0.45 saturated magnesium sulfate 0.2 M pH 5.0 acetate.  The specific 
activity by the  hemoglobin method  is  about 0.2.  However,  the  fraction 
dissolved in the solvent has an activity of 0.3 so that the preparation is evi- 
TABLE XIV 
Preparation of Insoluble Pepsin 46-35 from Parke, Davis 1:10,000 Pepsin by Repeated 
Precipitation with 0.5 Saturated Magnesium Sulfate in pH 4.6 Acetate 
I kg. Parke, Davis pepsin U.S.P. 1:10,000 in 2 liters 0. 
pH 4.6 acetate.  100 gin. Filter-Cel added and filtel 
Filtrate... 
2.5 liters saturated magnesium sulfate and 100 gm. Fil~ 
Cel added to 2.5 liters filtrate No. 1 and filtered. 
Precipitate 
Precipitate No. 3 dissolved in 1 liter 0.5 u pH 4.6 acet~ 
1 liter saturated  magnesium sulfate added and filtei 
Precipitate 
Solution and precipitation repeated 4 times. 
Precipitate 
Solution and precipitation repeated 12 times more. 
Precipitate 
Precipitate No. 33 dissolved in 200 ml. 0.10 u pH 4.5 
tare and  200 nil. saturated  magnesium sulfate add 
Suspension 
Crys~llisation 
10 gun. precipitate No. 33 washed with 5 ml. N/50 sulft 
acid, crystallized  ............................... 
Precipitation at pH 4.0 
10 gin. 46-33 dissolved in 100 mL water, dialyzed agai 
water 24 hrs.  Titrated to pH 4.0.  Stood  at 6°C. fox 
hrs., heavy precipitate, filtered.  Filtrate... 
Precipitate dis.*olved in 100 mL water, titrated to pH 
centrifuged.  Precipitate 
Quantity 
2.5 liters 
60  gm. 
4  gm. 
P.U.  m  P.N. 
0.27 
0.22 
0.20 
0.20 
0.18 
0.20 
0.19 
dently not homogeneous.  Further  fractionation  at pH 4.65  with varying 
concentrations of magnesium sulfate (No. 43-48) yielded a  series of prepa- 
rations  of increasing  activity  and  solubility.  It  cannot  be  decided  from 
these results whether the preparation consists of an inactive and insoluble 
protein with a single active protein or whether there are two or more active 
proteins.  The  fractionation  at  pH  4.6  is  sharper  than  at  pH  5.0  and  a 
second sample of the insoluble protein was therefore prepared by repeated 
precipitation with 0.5  saturated magnesium sulfate in 0.25 pH 4.6 acetate 
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Comparison  of Specific Activity  and Inactivation  Rate of the Soluble and 
Insoluble Fraction.--If two active proteins are present it would be expected 
that the relative activity of the two preparations, as measured by the rate 
TABLE XV 
Specific Activity of Various Pepsina as Per Cent of Activity of Soluble Fraction 
Sample number  ................. 
Method 
Hemoglobin  .......... 
Casein V-. ........... 
Casein non-protein  nitro- 
gen .................. 
Gelatin V ............... 
Rennet  .................. 
Specific activity 
of soluble pep- 
sin, average 
values 
0.33 
750 
0.37 
6.0 
330 
Specific  activity  of other samples as per cent of A' 
A' 
100 
100 
100 
100 
100 
Soluble fraction  Insoluble fraction 
39xx 
100 
100 
120 
100 
100 
44-61 
98 
95 
121 
110 
44-9 
crystals 
74 
100 
95 
110 
100 
(12o) 
(12o) 
107 
90 
135 
I00 
120 
120 
46-33 
64 
100 
97 
125 
100 
ll0 
II0 
140 
140 
85 
90 
of digestion  of  various  proteins, would 
differ;  if  the  insoluble  fraction  were  a 
mixture of the more soluble active  pro- 
tein with an insoluble  inactive  protein, 
the relative activity of the  two  prepar- 
ations  would  be  the  same  no  matter 
what  substrate  was  used.  The  rela- 
tive  activity  of these  preparations,  as 
measured by several methods, is  shown 
in  Table XV.  The  figures  show  that 
the  less  soluble  has  about  70  per  cent 
of the activity of the more soluble frac- 
~  l.0 
0.9  ~ 0.8 
0.7 
~°0.  6 
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FIG. 11.  Rate  of  inactivation  of 
soluble  and  insoluble fractions  at 
66°C. pH 3.14,  0.1 x~ citrate  buffer. 
tion, as measured by the digestion  of hemoglobin, but the same activity, 
as measured by the digestion of casein, the rate of clotting of milk, or the 
change in viscosity of casein solution.  The activity, as measured by the 
change in viscosity of gelatin  solutions,  appears  to be slightly higher  for 
the  insoluble  fraction. 240  FRACTIONATION OF  PEPSIN 
The variation in the relative specific activity of the two fractions indi- 
cates the presence of two or more active proteins in the insoluble fraction 
rather than the presence of an inert protein mixed with the soluble protein. 
Rate of Inactivation.--The rate of inactivation of dilute solutions of the 
two preparations in 0.1 M citrate buffer pH 3.14 and 60°C. is shown in Fig. 
11.  No significant difference can be observed. 
HI. Solubility  Curve of a Mixture of the Soluble and Insoluble  Fraction 
The solubility of mixtures of pure soluble pepsin with the insoluble frac- 
tion is shown in Figs. 12 and 13.  Fig. 12 shows the effect of adding 3 or 10 
per cent of the ifisoluble fraction to the pure soluble protein.  It is evident 
that even 3 per cent of the insoluble fraction caused an unmistakable round- 
ing of the curve even when the less precise method of amorphous precipita- 
tion is used. 
The addition of 10 per cent of the insoluble fraction yields a curve closely 
resembling that of the original crude preparation.  The curves are smooth 
and therefore indicate solid solutions rather than mixtures. 
This fact is brought out more clearly in Fig.  13.  In this experiment a 
series of solutions was prepared containing varying concentrations of the 
insoluble and soluble fractions but all having a  total concentration of 1.7 
mg. nitrogen per ml.  The total protein concentration is therefore the same 
in  all  tubes  while  the  proportion  of  the  insoluble  fraction  varies  from 
0-100 per cent.  The curve of the two preparations alone is also shown and 
the calculated curve expected if the proteins formed mixtures.  Obviously 
the results are characteristic of a solid solution and entirely different from 
those expected if the proteins appeared as distinct solid phases. 
IV.  Preparation  of Highly Active Pepsin from Pepsinogen 
In connection with some solubility experiments on pepsinogen (Herriott, 
1938)  it was found that  a  small amount of protein was  obtained  which 
differed in certain properties from the main bulk of the preparation.  Thus, 
when pepsinogen was fractionated as described in Table XVI a few per cent 
of the protein was recovered which had a  much lower solubility and 2½ 
times  higher  "potential  specific  hemoglobin activity"  than  the  starting 
material.  This fraction (No. 12 of Table XVI) behaved in other respects 
like  ordinary pepsinogen,  i.e.  upon  acidification it  rapidly  changed into 
pepsin and about 15 per cent of its nitrogen was split off during activation 
and part of this nitrogen is a pepsin inhibitor (Herriott, 1938).  Although 
highly active on hemoglobin this fraction has the same specific activity as R. M. HERRIOTT, V. DESREUX) AND J.  H. NORTHROP  241 
the bulk of the materials as measured with other substrates such as gelatin 
and  milk. 
m~ 
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Fzo. 12.  Solubility of pure soluble pepsin mixed with increasing quantities of the 
insoluble precipitate 46-35 in the amorphous form in 0.5 saturated magnesium sulfate, 
0.05 ~  pH 4.6 acetate. 
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PiG. 13. Solubility of various mixtures of pure soluble pepsin and insoluble prepara- 
tion in 0.5 saturated magnesium  sulfate, 0.05 ~t pH 4.6 acetate.  Total protein nitrogen 
concentration, 1,7 rag. per ml. in all cases. 
A highly active preparation of pepsin could also be obtained by fractiona- 
tion of pepsin prepared from ordinary pepsinogen.  An example of such a 242  I~I~CTIONATION OF PEPSIN 
TABLE  XVI 
Preparation of "Highly Active" Pepsinogen 
117 gin. 0.7 saturated ammonium sulfate filter cake of freshly pre- 
pared pepsinogen, dissolved and dialyzed against tap water at pH 
6.5.  5  ml.  M/1  di-potassium  phosphate  added  to  the  protein 
solution to bring to pH 6.8, followed by 40 ml. M/1 pH 6.8 phos- 
phate buffer; precipitate appeared  and was filtered off and dis- 
carded.  Filtrate diluted to 400  ml. and 400 ml. saturated am- 
monium sulfate added.  Suspension .... 
No. 1 filtered.  Filtrate ...... 
Precipitate washed 5 times on funnel with solvent C (0.5 saturated 
ammonium sulfate, 0.05 M pH 6.8 phosphate).  Precipitate .... 
Precipitate dissolved in  15  ml. ~/10 pH 6.8  phosphate  and  pre- 
cipitated by 15 ml. saturated ammonium sulfate, filtered. 
Precipitate .... 
Precipitate No. 4 treated as described for precipitate No. 3.  Re- 
peat.  Precipitate .... 
Precipitate No. 5 dissolved in 150 ml. pH 6.8 phosphate followed by 
150 ml. saturated ammonium sulfate.  Suspension .... 
No. 6 filtered and precipitate washed on funnel with solvent C and 
treated  as for precipitate  No.  3  through  to precipitate No.  5. 
Filtrate and washings ....................................... 
Precipitate plus 20 ml. pH 5.8 phosphate plus 20 ml. saturated am- 
monium sulfate.  Suspension .... 
No. 8 was filtered.  Filtrate ....... 
Precipitate plus 2 ml. phosphate plus 2 ml. saturated  ammonium 
sulfate,  filtered.  Filtrate ....... 
Precipitate plus 2 ml. phosphate plus 2 ml. saturated  ammonium 
sulfate, filtered.  Filtrate ....... 
Treatment repeated in No. 11, 3 times.  Third filtrate.. 
Treatment repeated in No. 11, 3 times more.  Third filtrate.. 
Precipitate from last treatment dissolved  ........................ 
Filtrates No. 9-No. 13 collected, precipitated with solid ammonium 
sulfate, filtered, and precipitate dissolved ...................... 
No. 15 dialyzed .............................................. 
0.22 
0.24 
0.45 
0.48 
0.49 
0.54 
0.43 
0.12 
0.44 
* Pepsinogen has no proteolytic activity and the value in this column is the ratio of 
the proteolytic activity obtained after activation at pH 1.0-2.0,  to the pepsinogen pro- 
tein nitrogen or what has previously been called "potential specific activity." 
fractionation may be  seen in Table XVII.  The procedure consists pri- 
marily of repeated dialysis at 5°C. and in a range of acidity from pH 3.5-4.3. 
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ticularly near pH 2.0.  Nearly 50 per cent of the highly active pepsin was 
destroyed in  15 hours at  25°C.  as compared  to only 5-10 per  cent  of  the 
ordinary crystalline pepsin.  It is estimated  that  the highly active pepsin 
is present as not more than 3--4 per cent of the original pepsin protein. 
TABLE XVII 
Preparation of "Higldy Active" Pepsin  from Pepsinogen 
Dialyzed pepsinogeu .......................................  . 
No. 1 plus 30 ml. saturated magnesium  sulfate  plus  1 ml. 5 
hydrochloric acid, pH --- 2.8.  Solution dialyzed against 3 suc- 
cessive I liter aliquots of ~/100 pH 3.5 acetate buffer for about 
8 hrs. at 5°C.  Centrifuged.  Supernatant.. 
Precipitate... 
Precipitate  No. 2P dissolved in dilute sodium acetate,  pH ffi 4.6 
No. 3 diluted to 1.0 rag. P.N./ml. and titrated to pH 3.8; dialyzed  i 
at 5°C. against water, centrifuged.  Precipitate .... 
Supematant.. 
Precipitate  from No. 4 dissolved in dilute acetate .............. 
No. 5 plus hydrochloric acid to pH 4.0; dialyzed 4 hrs. at 5°C., 
centrifuged cold.  Supematant... 
Precipitate .... 
Precipitate  No. 6P dissolved in dilute  sodium acetate solution 
No. 7 dialyzed at 5°C. for 15 hrs. at pH 4.3, centrifuged cold. 
Supernatant... 
Precipitate .... 
Precipitate  from No. 8P dissolved ............................ 
At this point it was noticed a gelatinous precipitate  appeared  in 
solutions No. 6, 8, and 9, which resembled a certain  type of 
rosette crystal plates.  These suspensions were combined and 
centrifuged.  Supernatant... 
Precipitate  dissolved ........................................ 
No. 10 dialyzed at pH 3.8 and 5°C., a precipitate  appeared, cen- 
trifuged, and precipitate  dissolved .......................... 
No. 11 dialyzed at pH 3.8 and 5°C., precipitate  appeared,  cen- 
trifuged, and precipitate  dissolved .......................... 
No. 13 after standing 2 days at 5°C  .......................... 
0.3 
0.3 
0.29 
0.37 
0.34 
0.37 
0.33 
0.40 
0.31 
0.46 
0.42 
0.66 
0.49 
Specificity  of the Active Fraaion.--If  this  active  fraction  represented  a 
distinct  enzyme,  comparable  to the gelatinase  (Northrop,  1931),  it would 
be expected to hydrolyze part of the protein molecule not attacked by the 
other fraction.  This  is not the  case.  Addition of the highly active frac- 244  FRACTIONATION OF  PEPSIN 
tion  to  casein which has  been previously hydrolyzed by the  less  active 
fraction causes no further increase in amino groups.  Addition of the less 
active fraction to casein previously hydrolyzed by the active fraction like- 
wise  causes no  increase  in  hydrolysis.  Both fractions,  therefore,  attack 
casein at the same points. 
It is interesting to note that the method of preparing the highly active 
pepsin from pepsinogen and the low active 0.1  [P.U,] m  pepsin from  rag. PM. 
commercial products (Desreux, unpublished results) is practically identical; 
i.e., dialysis at pH 4.0.  No highly active pepsin was ever found in commer- 
cial preparations and, with the exception of solution No. 14 of Table XVI 
no low active fraction was found in pepsinogen pepsin. 
DISCUSSION 
The experiments reported show that pepsin prepared  as originally de- 
scribed from commercial preparations or from pepsinogen contains two or 
more  proteins.  These  proteins  are  indistinguishable  by  ultracentrifuge 
or electrophoresis but may be  distinguished by solubility measurements. 
It is probable that more than one of these proteins is active but it does not 
necessarily follow that more than one pepsin Occurs in any one animal. 
It is quite possible that the insoluble fraction is a decomposition product 
of the more soluble fraction.  In fact, heating a  pure preparation of the 
soluble fraction results in a  preparation which has a  solubility curve very 
similar to the original crude pepsin. 
The possibility that the protein originally came from different animals 
must also be  considered.  It is already known that pepsin from cattle is 
different from swine pepsin (Northrop, 1933 a) and it is quite possible that 
the solubility method is sufficiently sensitive to distinguish between protein 
from different varieties of animals or between animals of different ages as 
well as between proteins from animals of different species (Landsteiner and 
Heidelberger,  1924).  All  the  preparations  used  in  this  work  represent 
extracts from a  number of different individuals of different ages, varieties, 
and physiological condition.  Attempts to prepare  the enzyme from one 
individual were unsuccessful owing to the small amount present.  It appears 
quite possible, therefore, that the enzyme may be homogeneous in any one 
animal but differs slightly in different varieties or age groups. 
Analytical Methods 
N~rogen.--Total  nitrogen was determined by the micro-Kjeldald method. 
Non-Protein Nitrogen.--1 or 2 ml. of the solution was added to 10 ml. boiling 2 per 
cent trichloracetic acid.  The suspension was allowed to cool, faltered, and an aliquot of 
the filtrate analyzed for total nitrogen. 
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urement of the turbidity of a  dilute suspension  in 2 per cent trichloracetic acid with a 
Klett photoelectric colorimeter of the Duboscq type.  1 ml. of the protein solution con- 
taining between 0.1 and 0.3 mg. protein nitrogen per ml. is added to 9 ml. boiling 2 per 
cent trichloracetic acid containing 25 ml. saturated magnesium sulfate per liter.  The 
suspension is cooled to 20°C. and allowed to stand 1 hour.  It is then compared with a 
standard suspension of known protein nitrogen content or with an ~/25 copper sulfate 
solution in 1~/10 sulfuric acid which land been standardized against a known concentra- 
tion of protein.  The readings vary with the different pepsin fractions and for accurate 
results a  separate standard solution must be prepared from the particular preparation 
analyzed.  When standardized in this way the results are accurate to =t=3 per cent. 
Preparation of Solvents 
Saturated Magnesium Sulfate.--A  solution of magnesium sulfate in water having a 
specific  gravity at 22°C. of 1.296. 
Pepsin Activity.--Hemoglobin (Anson, 1938).  The method was standardized  against 
a glycerine solution of pepsin  (Herriott, Desreux, and Northrop, 1940).  On  this scale 
0.29 hemoglobin units per rag. protein nitrogen corresponds to Tiselius' value of 0.34. 
Rennet.--(Herriott,  1938). 
The other activity determinations were carried out as described by Northrop (1932). 
SUMM4_RY 
1.  Solubility curves of crude pepsin preparations indicate the presence of 
more than one protein. 
2.  One of  these  proteins has been isolated  and crystallized  and found 
to have constant activity and constant solubility in several solvents. 
3.  The solubility measurements are complicated by the unstable nature 
of the protein  and the fact  that in certain  solvents  the  solubility of the 
protein is markedly affected by the presence of non-protein nitrogen decom- 
position products while in others this is not the case. 
4.  A  more  insoluble protein has been prepared of lower solubility and 
lower  activity,  as  measured  by  hemoglobin  digestion.  The  activity,  as 
measured by the digestion of other proteins, is about the same as the more 
soluble fraction.  This insoluble fraction does not have constant solubility. 
5.  Mixtures of the insoluble and the soluble fractions give preparations 
having rounded solubility curves typical of solid solutions and resembling 
very closely those of the original preparation. 
6.  A  small amount of pepsinogen and pepsin from pepsinogen has been 
separated which has nearly twice the enzymatic activity on hemoglobin as 
does the most active pepsin previously isolated. 
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